Attorney Docket: 14977-0006 Express Mail No.: EV 331400752 US 

U.S. UTILITY PATENT APPUCATION 
of 

Ryan Lakin 
Garrett Sheffer 
Jim McKale 

FOR 

METHOD, APPARATUS, AND SYSTEM FOR 
IMAGE GUIDED BONE CUTTING 

Attorney Docket No. 14977-0006 



527979 



Attorney DocketsNo,: 14977-0006 Express Mail No.: EV 331400752 US 

METHOD, APPARATUS, AND SYSTEM FOR IMAGE GUIDED BONE 

CUTTING 

Field of the Invention 

The present method, apparatus, and system generally relate to surgical 
removal of portions of bone, and more particularly to facilitating accurate location 
of a cutting path for guiding a cutting instrument when creating a cut through a 
portion of a bone. 

Background and Summary of the Invention 

As a result of many different physiological conditions, it is often necessary 
to replace joints in various parts of the body with prosthetic components. 
Surgical procedures for preparing bones to receive such components typically 
require precise shaping of portions of the bones. For example, during knee joint 
replacement surgery, precise resection of the ends of the femur and tibia is 
necessary to achieve a very close match between the surfaces remaining after 
removal of portions of the bones, and the mating surfaces of the prostheses. 
Without such precision mating, the reconstructed knee may result in 
misalignment (alignment that differs from optimal alignment corresponding to the 
patient's physical characteristics) of the femur and the tibia. Such misalignment 
may have a variety of undesirable consequences including discomfort to the 
patient, reduced mobility, and excessive wear on surfaces of the prostheses. 

Cutting guides are commonly used to aid the surgeon by providing a 
surface across which a cutting instrument is moved to create a planar cut through 
a bone. Such guides permit the surgeon to achieve increased accuracy as 
compared to free hand bone shaping. The accuracy of the planar cut, however, 
is dependent upon accurate placement of the cutting guide. Therefore, it is 
desirable to provide a system for achieving highly accurate placement of a 
cutting guide to ensure precision mating between the planar cuts made through a 
bone and the corresponding surfaces of the prosthetic component. 
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The present method, apparatus, and system (hereinafter collectively 
referred to as "the present system") provides, in one embodiment, a drill cylinder 
having a body that defines a central bore, and an element configured to be 
detected by an image guidance system to permit image guidance of the drill 
5 cylinder to predetermined, target locations on the bone. Using the image guided 
drill cylinder, the surgeon may monitor on a display the current position and 
alignment of the drill cylinder body as compared to the target locations, and 
create bores into the bone at the target locations by inserting a drill bit through 
the central bore of the body. Alternatively, the surgeon may insert pins through 

10 the central bore into the bone at the target locations. 

The present system further provides a cutting block having a frame, a 
guide adjustably connected to the frame, an adjuster connected to the frame, and 
mounting locations defined by the frame and configured to attach to the bone at 
the target locations. The mounting locations include either bores for receiving 

15 the pins that were inserted into the target locations, or pins for insertion into the 
bores that were created using the image guided drill cylinder. Accordingly, the 
cutting block can be accurately placed on the bone at the target locations, which 
in turn accurately places the guide. 

The guide defines a cutting path through which a cutting instrument is 

20 passed to create a planar cut in the bone. The position of the guide (and the 
cutting path) relative to the mounting locations is adjustable using the adjuster. 
Depending upon the embodiment, actuation of the adjuster causes linear or 
angular adjustment of the position and/or orientation of the cutting path relative to 
the mounting locations. 

25 Additionally, the present system may include a tracking instrument having 

an element configured to be detected by the image guidance system and an 
engagement portion configured to engage the cutting path to permit image 
guided adjustment of the cutting path. Thus, in addition to providing accurate 
placement of the cutting path using the image guide drill cylinder to locate the 

30 mounting locations of the cutting block, the present system enables the surgeon 
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to achieve even greater accuracy by providing image guided adjustment of the 
cutting path when the cutting block is mounted to the bone. 

Additional features of the present system will become apparent and be 
further understood upon reading the detailed description provided below with 
S reference to the following drawings. 
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Brief Description of the Drawings 

FIG. 1 is a perspective view of one embodiment of a cutting block for use 
with the present system. 

FIG. 2 is a top, plan view of the cutting block of FIG. 1 . 
S FIG. 3 is a partially fragmented, side elevation view of a portion of the 

cutting block of FIG. 1 . 

FIG. 4 is a partially fragmented, perspective view of another portion of the 
cutting block of FIG. 1 . 

FIG. 5 is a perspective view of one embodiment of a drill cylinder for use 
10 with the present system. 

FIG. 6 is a perspective view of embodiments of tracking instruments for 
use with the present system. 

FIG. 7 is a combination of a perspective view of the drill cylinder of FIG. 5 
being image guided toward a target location on a bone, and a conceptual 
IS diagram of an image guidance system for use with the present system. 

FIG. 8 is a side elevation view of the cutting block of FIG. 1 mounted to a 
bone in a position to make a distal femoral cut. 

FIG. 9 is a perspective view of the drill cylinder of FIG. 5 being image 
guided toward a target location on a bone. 
20 FIG. 10 is a side elevation view of the cutting block of FIG. 1 mounted the 

distal end of a femur and having a tracking instrument of FIG. 6 mounted thereto. 

FIG. 1 1 is a perspective view of the drill cylinder of FIG. 5 being image 
guided toward a target location on a bone. 

FIG. 12 is a side elevation view of the cutting block of FIG. 1 mounted to a 
25 bone in a position to make a proximal tibial cut. 

FIG. 13 is a perspective view of the drill cylinder of FIG. 5 being image 
guided toward a target location on a bone. 
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Detailed Description of Exemplary Embodiments 

While the present system is susceptible to various modifications and 
alternative forms, exemplary embodiments thereof have been shown by way of 
example in the drawings and will herein be described in detail. It should be 
5 understood, however, that there is no intent to limit the system to the particular 
forms disclosed, but on the contrary, the intention is to address all modifications, 
equivalents, and alternatives falling within the spirit and scope of the system as 
defined by the appended claims. 

Referring now to FIGS. 1-3, one embodiment of a cutting block 100 for 

10 use in the present system is shown. Cutting block 100 generally includes a 

frame 102, four adjustable guides 104, 106, 108, 110, four linear adjusters 112, 
114, 116, 118, and two angular adjusters 120, 122. It should be understood that 
the number of guides and adjusters may be different from the numbiBr described 
herein. More specifically, one skilled in the art could readily adapt the teachings 

15 of this disclosure to provide a cutting block with one, two, three, or more than four 
guides with a corresponding number of linear and angular adjusters to position 
the guides as taught herein. For example, a single guide may be provided that is 
adjustable within frame 102 into four different positions for making each of the 
bony cuts described below. In this instance, the single guide would be adjustable 

20 linearly and angularly as will become apparent from the following description of 

embodiments of the system. Alternatively, a pair of guides may be used, such as 
guides 104, 110, each being adjustable linearly and angularly. Of course, three 
linearly adjustable guides may be used in a different embodiment, wherein one or 
more of the guides is also angularly adjustable. 

25 Additionally, it should be understood that while the following description 

discusses, for example, linear adjusters configured to adjust the position of one 
end of two guides, separate linear adjusters may be used for each guide. Each 
of the separate linear adjusters may be configured to adjust both ends of the 
guide corresponding to the adjuster. Moreover, the described combined adjustor 

30 may readily be adapted to adjust both ends of both guides, or both ends of one 
guide and one end of the other guide. Finally, the described angular adjusters 
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may readily be configured by one skilled in the art to simultaneously adjust the 
angle of orientation of two or more guides. These and other variations of the 
guide / adjuster configuration are contemplated by this disclosure and 
encompassed by the appended claims. 
5 In one embodiment of the present system, frame 102 of cutting block 100 

includes a pair of parallel side walls 124, 126 and a pair of parallel end walls 128, 
130 that extend substantially perpendicular to side walls 124, 126 to form the 
substantially rectangular perimeter of frame 102 shown in the Figures. While a 
rectangular configuration is shown in the Figures, frame 102 may be provided in 

10 any configuration suitable for supporting guides 104-1 10 and accommodating 

their adjustment. An attachment wall 132 also extends perpendicularly between 
side walls 124, 126 at a location between end walls 128, 130. Attachment wall 
132 may alternatively be replaced by a pair of extensions (one from side wall 124 
and one from side wall 126), or omitted in an embodiment wherein side walls 

15 1 24, 1 26 or end walls 1 28, 1 30 are adapted to facilitate attachment of frame 1 02 
to the target bone. In the illustrated embodiment, attachment wall 132 includes 
two mounting locations 127, 129, which in the embodiment shown, are occupied 
by two bores 131, 133, respectively, that extend from an upper surface 135 of 
attachment wall 132 to a lower surface 137 of attachment wall 132. As is further 

20 described below, bores 131 , 133 may function as drill guides during attachment 
of cutting block 100 to a bone, and receive pins after bores are formed in the 
bone to secure cutting block 100 to the bone. Alternatively, the pins may be 
placed percutaneously as part of a minimally invasion surgery (MIS) procedure, 
and secured to the bone to receive bores 131 , 133 of cutting block 100. In yet 

25 another alternative embodiment, as is also described below, mounting locations 
127, 129 may instead be occupied by a pair of pins that extend from lower 
surface 137 and into bores formed in a bone, thereby securing cutting block 100 
to the bone. So long as an adequate connection is provided between cutting 
block 100 and the target bone, one or more than two of either type of mounting 

30 location 127, 129 configuration may be used. 
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As best shown in FIG. 1 . each side wall 124, 126 includes a plurality of 
travel guides or channels configured to accommodate movement of guides 104- 
110 during adjustment as further described herein. Since side wall 126 is 
substantially a mirror image of side wall 124, only side wall 124 is described in 
5 detail. Side wall 124 includes an interior surface 134, an exterior surface 136, a 
lower surface 138, and an upper surface 140, A first upper channel 142 is 
formed into interior surface 134 and is elongated in direction A as shown in FIG. 
1 . While each of the plurality of channels is described as being formed into side 
wall 124, it should be understood that the channels may readily be replaced by 

10 ridges that extend inwardly from interior surface 134 to form a pair of guide rails. 
Alternatively, as will become apparent from the following description, the 
channels may be replaced with posts or protrusions of some other configuration 
that extend from interior surface 134 and move within channels or guide rails 
formed on the corresponding guides 104-1 10. In yet another alternative 

15 embodiment, a single channel or guide rail is provided (on either interior surface 
134 or guide 104), and configured to accommodate movement of a single post 
(on either interior surface 134 or guide 104). 

Referring to both FIGS. 1 and 2, in the depicted embodiment, a first lower 
channel 144 (FIG. 1) is also formed into interior surface 134 of side wall 124, and 

20 extends in direction A in substantially parallel relationship to upper channel 142. 

First upper channel 142 and first lower channel 144 are configured to receive an 
upper post 146 and a lower post 148, respectively, of adjustable guide 104 as is 
further described below. Side wall 124 further includes a second upper channel 
150, a second lower channel 152, a third upper channel 154, a third lower 

25 channel 156, a fourth upper channel 158, and a fourth lower channel 160. 

Second channels 150, 152 are configured to receive a pair of posts 162, 164, 
respectively, extending from a mounting plate 1 66 associated with adjustable 
guide 106. Similarly, third channels 154, 156 are configured to receive posts 
168, 170 of mounting plate 172 associated with adjustable guide 108. Likewise, 

30 fourth channels 158, 160 are configured to receive posts 174, 176 of adjustable 
guide 110. Finally, side wall 124 also includes a slot 178 positioned in 



7 



Attorney Docket No.: 14977-0006 Express Mail No.: EV 331400752 US 

substantially parallel relationship between second channels 150, 152. As will 
become apparent from the description below, slot 1 78 accommodates movement 
of angular adjustor 120 when adjustable guide 106 is adjusted in direction A. 
End wall 128 includes an opening 180 configured to receive a portion of 
S linear adjustor 112, and an opening 182 configured to receive a portion of linear 
adjustor 114. Similarly, end wall 130 includes openings 184, 186 configured to 
receive portions of adjusters 116, 118, respectively. 

Guide 104 generally includes a body 188 having at least one surface 
defining a cutting path 190. In the embodiment shown, cutting path 190 is 

10 defined by facing surfaces of a pair of substantially parallel guide walls 1 96, 1 98 
and is sized to receive the blade of a surgical saw or other cutting instrument (not 
shown) as is further described below. It should be understood, however, that a 
single surface of a single guide wall may be used to define any of the cutting 
paths described herein. Body 188 has a substantially rectangular cross-section 

15 and extends substantially the entire distance between interior surfaces 134 of 

side walls 124, 126. Body 188 includes a first end portion 192, and a second end 
portion 194, between which extend guide walls 196, 198 to define path 190. First 
end portion 192 includes spaced apart posts 146, 148 (described above), which 
extend from an end surface 200 of end portion 192. Additionally, in the 

20 embodiment shown, a bore 202 extends through end portion 192 to permit a 
portion of linear adjustor 1 12 to extend to guide 106 as is further described 
below. Second end portion 194 similarly includes a pair of spaced apart posts 
204, 206 (only post 204 is shown), which extend from an end surface 208 of end 
portion 194. Posts 204, 206 also extend into a pair of appropriately spaced 

25 channels 210, 212 (only channel 210 is shown) formed in side wall 126 (similar to 
channels 142, 144 of side wall 124). Finally, end portion 194 also includes a 
bore 214 (like bore 202 of end portion 192) to permit a portion of adjustor 1 14 to 
extend to guide 106 as is further described below. 

Guide 1 10 is substantially identical to guide 104, including all of the same 

30 components, in substantially the same configuration. These components include 
a body 216, a cutting path 218, a first end portion 220, a second end portion 222, 
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and a pair of parallel guide walls 224, 226 having facing surfaces that define 
cutting path 218. First end portion 220 includes spaced apart posts 174, 176 
(described above) extending from an end surface 232, and a bore 234 to receive 
a portion of adjustor 116. Second end portion 222 also includes a pair of posts 
5 236, 238 (only post 236 is shown) extending from an end surface 240 into a pair 
of appropriately spaced channels 242, 244 (only channel 242 is shown) formed in 
side wall 1 26, and a bore 248 to receive a portion of adjustor 1 1 8. Both of guides 
104, 110 (and corresponding cutting paths 190, 218) are supported between side 
walls 124, 126 in a substantially vertical orientation relative to lower surfaces 138 

10 of side walls 124, 126 to guide a surgical saw (not shown) in making bony cuts 
that are substantially perpendicular to direction A as is further described below. 

As best shown in FIG. 2, guide 106 generally includes a body 250 having 
at least one surface defining a cutting path 252 that receives the blade of a 
surgical saw (not shown) to create a chamfer cut as is further described below. 

15 In the embodiment shown, body 250, like body 188 and body 216, has a 

substantially rectangular cross-section. Body 250 extends between mounting 
plate 166 and a similar mounting plate 254 positioned adjacent side wall 126. 
Body 250 includes a first end portion 256, a second end portion 258, and a pair 
of parallel guide walls 260, 262 that extend between end portions 256, 258 to 

20 define cutting path 252. First end portion 256 includes a pair of spaced apart 

posts 264, 266, which extend from an end surface 268 of end portion 256 into an 
arcuate channel 270 formed in mounting plate 166 as is further described below. 
It should be understood, however, that a pair of arcuate channels (one that 
receives post 264, and one that receives post 266) may be formed in mounting 

25 plate 166. Alternatively, posts 264, 266 may be mounted to mounting plate 166 
for cooperation with a corresponding channel (or channels) formed on end 
surface 268. Moreover, It should be understood that a single post / channel 
configuration may readily be employed. Any of these alternatives are suitable for 
use at either end of either of guides 106, 108 so long as they facilitate angular 

30 adjustment of cutting paths 252, 286 as described below. 
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Still referring to the embodiment depicted in FIG. 2, end portion 256 
further includes a drive bracket, generally designated by the number 272, which 
is connected through a linkage to adjuster 1 12 as is described in greater detail 
below with reference to FIG. 3. Similarly, second end portion 258 includes a pair 
5 of spaced apart posts 274, 276, which extend from an end surface 278 of end 
portion 258 into an arcuate channel 280 formed in mounting plate 254, and a 
drive bracket 282, which is connected through a linkage to adjuster 114, 

Guide 108 is substantially identical to guide 106, including all of the same 
components, in substantially the same configuration. The components include a 

10 body 284, a cutting path 286, a first end portion 288, a second end portion 290, 
and a pair of parallel guide walls 292, 294. Body 284 extends between mounting 
plate 172 and a similar mounting plate 296 positioned adjacent side wall 126. 
First end portion 288 includes a pair of posts 298, 300, which extend from an end 
surface 302 into an arcuate channel 304 formed in mounting plate 172, and a 

15 drive bracket 306 linked to adjuster 1 1 6. Second end portion 290 includes a pair 
of posts 308, 310, which extend from an end surface 312 into a similar arcuate 
channel 314 formed in mounting plate 296, and a drive bracket 316 linked to 
adjuster 118. 

Each of linear adjusters 1 12-1 18 is substantially identical. Accordingly, 
20 only adjuster 1 12 is described in detail herein with reference primarily to FIG. 3. 
It should be understood that a variety of different adjustment mechanisms may 
be employed consistent with the teachings of this disclosure to facilitate 
adjustment of guides 104-1 10 in direction A. Adjuster 1 12 is described as a 
manually operated, mechanical adjustment mechanism. Alternatively, an 
25 electrical adjustment mechanism may be used having a motor or other force- 
providing device with an actuator (such as a button, switch, etc.) either mounted 
to frame 102 or remotely located therefrom. It should also be understood that the 
threaded post and cylinder arrangement described below is merely illustrative, 
and may readily be replaced with any one of a plurality of different known types 
30 of linear adjustment mechanism. Additionally, while adjustment mechanisms that 
convert rotational motion into linear motion are described below, any other type 
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of suitable mechanism may be used so long as it facilitates adjustment of at least 
a portion of guides 104-1 10 (and cutting paths 190, 218, 252, 286) in direction A. 

Referring now to FIG. 3, adjuster 112 generally includes a pair of grips 
400, 402, a first internally threaded shaft 404, an externally threaded cylinder 406 
5 attached to first end portion 192 of guide 104, a second internally threaded shaft 
408, a threaded rod 410, and a linkage 412 attached between threaded rod 410 
and drive bracket 272 of guide 106. In the illustrated embodiment, grips 400, 402 
are in the form of knobs. It should be understood, however, that grips 400, 402 
could readily be formed as plates, sliders, or any other suitable structure 

10 configured to cause movement of end portion 192 of guide 104 and end portion 
256 of guide 106 in the manner described below. Grip 400 is shown as a large 
diameter knob, rigidly connected to first internally threaded shaft 404 for rotation 
therewith in direction B about a central axis of adjuster 112. Grip 400 may be 
spaced from end wall 1 28 by a spacer 414. Grip 402 is shown as a smaller 

15 diameter knob, rigidly connected to second externally threaded shaft 408, for 

rotation therewith in direction B. In the illustrated embodiment, grip 402 and shaft 
408 rotate independent of grip 400 and shaft 404. 

Shaft 404 extends through bore 180 of end wall 128. A conventional 
retaining mechanism may be used to prevent both grips 400, 402 from moving 

20 outwardly, away from end wall 128, while permitting rotation of shafts 404, 408. 
As should be apparent from FIG. 3, shaft 408 extends with sufficient clearance 
for rotation through an interior bore (not shown) of shaft 404, an interior bore (not 
shown) of threaded cylinder 406, and bore 202 through guide 104. Cylinder 406 
includes external threads that mate with the internal threads (not shown) of shaft 

25 404. As a result, when grip 400 and shaft 404 are rotated in direction B, cylinder 
406 (and guide 104 connected thereto) is moved toward or away from mounting 
locations 127, 129, depending upon the direction of rotation. As cylinder 406 and 
guide 104 move, posts 146, 148 move within channels 142, 144, respectively, 
which support guide 104 in the substantially vertical orientation shown in FIG. 3. 

30 Threaded rod 41 0 similarly includes external threads that mate with the 

internal threads (not shown) of shaft 408. Threaded rod 410 is connected to 
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bracket 272 of end portion 256 through linkage 412. Linkage 412 is shown as a 
pair of pivotal connections which permit tilting of guide 106 (as is further 
described below). Of course, one of ordinary skill in the art could readily 
implement any suitable linkage or joint configuration that simultaneously 
5 facilitates movement of guide 106 in direction A and tilting of guide 106. As grip 
402 and shaft 408 are rotated in direction B, threaded rod 410 Is threaded into or 
out of shaft 408, thereby moving rod 410, linkage 412, and guide 106 toward or 
away from mounting locations 127, 129, depending upon the direction of rotation. 
As guide 106 moves, mounting plate 166 also moves, since posts 264, 266 are 

10 captured by channel 270 formed in mounting plate 166. Consequently, posts 
162, 164 of mounting plate 166 travel within channels 150, 152, respectively, 
which support mounting plate 166 in the vertical orientation shown in the Figure. 
Guide 106 is thus maintained in its selected tilted or angular orientation while 
being moved toward or away from mounting locations 127, 129. It should further 

IS be understood that the rod 415 connected to angular adjuster 120 also moves 
with guide 106. During its travel, rod 415 is guided by slot 178 formed through 
side wall 1 24 of frame 1 02. 

Referring now to FIG. 4, one embodiment of angular adjuster 120 will be 
described. Since angular adjusters 120, 122 are substantially identical, only 

20 angular adjuster 120 is described in detail below. Angular adjuster 120 includes 
a grip 416 connected to one end of rod 415, a gear 418 connected to the other 
end of rod 415, and a track 420 connected to end surface 268 of guide 106. As 
shown, rod 415 extends from grip 416, through slot 178 of side wall 124, through 
an opening 422 formed through mounting plate 166, and is rigidly connected to 

25 gear 41 8. Gear 418 includes teeth 424. Track 420 is formed such that the teeth 
426 of track 420 curve in a manner corresponding to the curve of arcuate 
channel 270 of mounting plate 166. As should be apparent from the Figure, 
teeth 424 of gear 418 are positioned in meshing engagement with teeth 426 of 
track 420. 

30 In operation, grip 416 of angular adjuster 120 is rotated in direction C 

about a central axis of adjuster 120. As grip 416 rotates, rod 415 rotates, thereby 
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causing rotation of gear 418. As gear 418 rotates, the engagement of teeth 424 
and teeth 426 causes guide 106 to move upwardly or downwardly, depending 
upon the direction of rotation. A portion of the upward or downward movement is 
translated into a tilt or angular adjustment of the orientation of guide 1 06 (and 
S cutting path 190) because posts 264, 266 are captured within arcuate channel 
270. It should be understood that any suitable locking mechanism may be 
employed to retain adjuster 120 in position after the orientation of guide 106 has 
been adjusted. As explained above, the position of guide 106 may also be 
linearly adjusted using, for example, linear adjuster 112. When linear adjuster 

10 112, which is connected to guide 106 through drive bracket 272 (not shown in 

FIG. 4), is operated, guide 106, mounting plate 166, and angular adjustor 120 are 
moved in direction A toward or away from mounting locations 127, 129. During 
movement in direction A, posts 162, 164 (only post 164 is shown in FIG. 4) move 
within channels 150, 152 (only channel 152 is shown in FIG. 4), and rod 415 

15 moves within slot 178. 

Referring now to FIG. 5, one embodiment of an image-guided drill cylinder 
500 is shown. Drill cylinder 500 generally includes a body 502, a handle 504, 
and an image-guidance assembly 506. Body 502 includes a first end 508, a 
second end 510, and a cylindrical outer wall 512 extending between first and 

20 second ends 508, 510 to define a central bore 514. Although outer wall 512 is 
shown as a solid wall having a substantially constant cross-section, outer wall 
512 may instead include openings or open areas and have more than one 
diameter dimension. 

Handle 504 includes a rod 516 and a grip 518. Rod 516 is connected at 

25 one end to body 502 of drill cylinder 500, and at the other end to grip 518. It 

should be understood that the connection between body 502 and rod 516 may be 
permanent or provide for disconnection of rod 516 (and therefore handle 504). In 
such an embodiment, handle 504 may be attached to any of a plurality of drill 
cylinders 500, each having a central bore 514 sized to receive a different size 

30 drill bit or fastener, as is further explained below. 
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Image-guidance assembly 506 includes a shaft 520 connected at one end 
to body 502 of drill cylinder 500, and at the other end to an array 522 including a 
plurality of detectable elements 524, 526, 528 connected together by a frame 
530. While three detectable elements 524-528 are shown, it should be 
5 understood that one, two, or more than three such elements may readily be 
employed by one skilled in the art, consistent with the teachings of this 
disclosure. Each detectable element 524-528 is configured to either emit a 
location signal (e.g., an RF signal, an IR signal, etc.) that is detectable by a 
receiver as is further described below. Elements 524-528 may utilize passive 

10 technology wherein the location signals are only emitted when elements 524-528 
are excited by an external source (not shown), or an active technology wherein 
elements 524-528 emit the location signals so long as a power source (e.g., a 
battery (not shown)) provides power to elements 524-528. Frame 530 maintains 
elements 524-528 in fixed relationship to one another. Additionally, the position 

15 of array 522 relative to first end 508 of body 502 is also fixed. Thus, by sensing 
the position of array 522, a conventional image guidance system 808 (described 
below) may be programmed to determine the precise location of first end 508 of 
body 502 relative to a fixed reference point as is further described below. 

In an alternate embodiment, image-guidance assembly 506 is mounted 

20 directly to a drill (not shown) instead of to body 502. In this embodiment, shaft 
520 is connected at one end to the drill, and at the other end to array 522. 
Image-guidance assembly 506 is attached to drill in a known location, such that 
detection of the position of array 522 enables a determination (by an image 
guidance system 808 as described below) of the position, relative to a fixed 

25 reference point, of an end of the drill bit of the drill, and of the orientation of an 
axis of the drill bit. 

FIG. 6 illustrates two embodiments of tracking instruments for use with the 
present system. Tracking instrument 600 generally includes a grip 602, an array 
604 connected to grip 602 by a shaft 606, and a probe 608. Array 604 is 
30 essentially identical to array 522 of drill cylinder 500, including a plurality of 

detectable elements 61 0, 612, 614 connected together by a frame 61 6. Thus, 
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the comments provided above regarding array 522 apply equally to array 604. 
Probe 608 includes a shaft 618 connected at one end to grip 602, and having at 
the opposite end an engagement portion or tip 620. As should be apparent from 
the foregoing, by detecting the position of array 604, image guidance system 808 
5 may be programmed to determine the precise location of tip 620 relative to a 
reference point since the relative locations of array 604 and tip 620 are fixed. 

The tracking instrument 700 shown as the second embodiment in FIG. 6 is 
substantially identical to tracking instrument 600, except that tip 620 is replaced 
with an engagement portion formed in the shape of a plate 720 attached to the 

10 end of shaft 718. Accordingly, the remaining components of tracking instrument 
700 are not shown. As is described in greater detail below, plate 720 is sized to 
fit within or on cutting paths 190, 252, 286, 218 of guides 104-1 10, respectively. 
In this manner, since the relative locations of array 704 (not shown) and plate 
720 are known, the precise location of the cutting paths 190. 252, 286, 218 

15 (relative to a reference point) may be determined by image guidance system 808. 

Having described the various components of embodiments of the present 
system, the following portion of the specification discusses examples of 
applications of the system. For example, the system may be used in a total knee 
replacement or arthroplasty procedure as described below. It should be 

20 understood, however, that the teachings provided herein are also applicable to 
various other surgical procedures involving removal of portions of bone to, for 
example, prepare a joint to receive a prosthetic implant. 

If applied in an arthroplasty procedure, the present system facilitates 
removal of portions of femoral and tibial bone to prepare the bone surfaces for 

25 the femoral and tibial prosthetic implants, respectively. First, the distal end of the 
femur and the proximal end of the tibia are surgically exposed in a conventional 
manner. The knee joint is then flexed to fully expose the distal end 800 of the 
femur 802. Referring to FIG. 7, image-guided drill cylinder 500 is next moved by 
the surgeon into a desired location 804 for placing a headless pin, post, or other 

30 similar device (hereinafter referred to as a pin), which in turn locates cutting block 
100. While FIG. 7 depicts an entirely exposed bone structure, it should be 
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understood that the pin placement described below may instead be 
accomplished percutaneously as part of an MIS procedure wherein a small 
incision is made at the desired pin location, image-guided drill cylinder 500 is 
placed through the small incision, and a bore Is formed for placement of the pin 
S in the manner described below. More specifically, while viewing a visual 

indication of the three-dimensional orientation of drill cylinder 500 relative to the 
structure of distal end 800 of femur 802 on a display 806 of an image guidance 
system 808, the surgeon moves drill cylinder 500 into contact with target location 
804 on femur 802 (either directly or through a small incision in the skin), which 

10 corresponds to the precise, desired location of one of mounting locations 127, 
129. In this example, target location 804 corresponds to the precise, desired 
location of one of bores 131 , 133 of attachment wall 132 of cutting block 100. 
Image guidance system 808 provides a visual indication on display 806 based on 
data representing the three-dimensional structure of femur 802, drill cylinder 500, 

15 and cutting block 100. A receiver 810 of image guidance system 808 detects the 
position of elements 524-528 of array 522 connected to body 502 of drill cylinder 
500, thereby enabling system 808 to accurately determine the location of first 
end 508 of body 502 relative to femur 802. In this manner, the surgeon is able to 
determine not only whether the point of entry of the drill bit (not shown) Is 

20 accurately located, but whether the angle of entry (represented by axis D of FIG. 
7) is appropriate for placement of the pin to be received by cutting block 100. 

Once drill cylinder 500 is accurately placed, an appropriately sized pin is 
placed into central bore 514 of drill cylinder 500 and screwed or otherwise 
inserted into target location 804 of femur 802. The depth of entry of the pin may 

25 be controlled using any of a variety of conventional techniques. After the pin is 
placed, drill cylinder 500 is removed. It should be understood, however, that 
instead of placing a pin into femur 802 as described above, drill cylinder 500 may 
be used to guide a drill bit (not shown) for creating a bore into femur 802. 
Alternatively, using the embodiment described above wherein array 506 is 

30 connected to a drill, the drill may be used directly, under image guidance, to 
create a bore in target location 804 of femur 802. In either case, the depth of 
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entry of the drill bit may similarly be controlled using any of a variety of 
conventional techniques. After the bore is created and drill cylinder 500 is 
removed, an appropriately sized pin may be securely inserted into the bore. The 
corresponding cutting block 100 in such an embodiment includes bores 131, 133 
5 through attachment wall 132 at mounting locations 127, 129, respectively. Bores 
131, 133 are sized to securely receive such pins. As yet another alternative, drill 
cylinder 500 may be used in the manner described above to create a bore in 
femur 802 for receiving a pin connected to cutting block 100 at one of mounting 
locations 127, 129. 

10 Assuming a first pin is placed into femur 802 according to the procedure 

described above, a second pin may be placed by repeating the procedure, but 
placing the second pin at a second target location (not shown) that corresponds 
to a second bore 131 , 133 in the known geometry of cutting block 100. After the 
second pin is inserted into the second target location, drill cylinder 500 is 

15 removed. Next, cutting block 100 is positioned onto the first and second pins 

such that the pins are received by bores 131 , 133 formed in attachment wall 132. 
Any of a plurality of different techniques may be used to secure cutting block 100 
to the pins. For example, the pins may include threaded ends that extend from 
femur 802, through cutting block 100, and project beyond surface 135 of 

20 mounting wall 1 32. The projecting portions of the threaded ends may receive 
nuts or similar components which may be tightened onto the threaded ends 
against surface 135. In this manner, cutting block 100 is securely captured in a 
fixed orientation between the nuts and the femur. Alternatively, cutting block 100 
may include set screws or similar components which are controllably inserted 

25 into the bores and urged (such as by rotation on internal threads of cutting block 
100) into locked engagement with a surface of each pin. Of course, any other 
connection technique for securely attaching cutting block 100 to the pins is within 
the scope of the teachings provided herein. 

In an alternative embodiment, after the first pin is placed according to the 

30 procedure described above, one bore, such as bore 131 , of cutting block 100 is 
placed onto the first pin, but cutting block 100 is not tightly secured to the pin. 
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The second pin may be placed by placing drill cylinder 500 over another bore, 
such as bore 133, in a predetermined placement location, and rotating cutting 
block 100 about the first pin until display 806 indicates that drill cylinder 500 is 
accurately positioned over the second target location on femur 802. After drill 
S cylinder 500 is accurately located, the second pin is simultaneously inserted 
through drill cylinder 500 (in the manner described above) and bore 133 of 
cutting block 100. Alternatively, cutting block 100 placed on the first pin may 
include, or later have attached to it, a tracking instrument (such as instruments 
600 or 700) to permit detection of the position of cutting block 100 (more 

10 specifically, the location of second bore 133 in cutting block 100). The surgeon 
may rotate cutting block 100 while viewing the location of second bore 133 on 
display 806. When second bore 133 is rotated into registration with the second 
target location on femur 802, the surgeon may secure cutting block 100 to the 
first pin to fix cutting block 100 in place. Then, a drill or other pin insertion device 

IS may be used to insert the second pin through second bore 133 of cutting block 
100 and into the second target location of femur 802. 

After cutting block 100 is secured to the distal end 800 of femur 802 as 
shown in FIG. 8, the alignment of the cutting path (such as cutting path 218 of 
guide 110) for creating a first cut (the distal femoral cut) may be adjusted to 

20 correspond with the appropriate anterior posterior plane (plane E). To this end, 
plate 720 of tracking instrument 700 may be inserted into path 218. The surgeon 
may then rotate grips 400 of adjusters 116, 1 18 in the manner described above 
to move end portions 220, 222 of guide 216, respectively, toward or away from 
mounting locations 127, 129, thereby positioning path 218 such that when a 

25 surgical saw is moved along path 21 8 it will create a surface corresponding to 
plane E at distal end 800 of femur 802 in the desired orientation, such as 
substantially perpendicular to the femoral mechanical axis. After plane E is 
created, cutting block 100 and pins are removed from femur 802. 

Alternatively, instead of using tracking instrument 700 (or tracking 

30 instrument 600) to provide image guided adjustment of cutting path 21 8 as 

described above, plane E may simply be created using cutting block 1 00 without 
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adjustments to the position of cutting path 218. After plane E is created, the 
surgeon may position plate 720 of tracking instrument 700 (or tip 620 of tracking 
instrument 600) onto plane E to verify the location and orientation of plane E by 
receiving feedback from the image guidance system described below. If plane E 
S is not in a desired location and orientation, the surgeon may adjust the position of 
cutting path 218 as described above, make a new cut, and verify the accuracy of 
the cut by again placing plate 720 of tracking instrument 700 (or tip 620 of 
tracking instrument 600) onto the newly created plane. This iterative process 
may be repeated until the surgeon is satisfied with the accuracy of the cut. 

10 Next, depending upon the embodiment of cutting block 100 used, bores 

may be created in plane E to receive pins extending from cutting block 100 as 
depicted in FIG. 9. More specifically, drill cylinder 500 is image guided into the 
desired orientation relative to plane E to create a first bore at a predetermined 
target location 820 on plane E in the manner described above. Alternatively, the 

15 above-described embodiment having image-guidance assembly 506 connected 
directly to a drill may be used to create the first bore. Location 820 of the first 
bore corresponds to the desired location of one of mounting locations 127, 129, 
such as a pin extending from, or provided in place of, bore 131 of attachment 
wall 132 when cutting block 100 is in its desired position. After the first bore is 

20 created, a second bore is created by image guiding drill cylinder 500 (or the drill 
itself) into a second position as described above. It should be understood, 
however, that if the selected cutting block embodiment includes bores instead of 
pins at mounting locations 127, 129, such as cutting block 100 described above, 
then drill cylinder 500 may be used to insert two pins into plane E, onto which 

25 cutting block 100 is placed. Alternatively, after drill cylinder 500 is used to place 
a first pin into plane E, a first bore, such as bore 131 of cutting block 100 may be 
placed onto the first pin and rotated (under image guidance) such that second 
bore 133 of cutting block 100 registers with a second target location (not shown) 
on plane E. Then, a second pin may be inserted into plane E through cutting 

30 block 100. All of these various procedures for mounting cutting block 100 to 
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plane E are performed In a manner similar to that described above with reference 
to the procedures for mounting cutting block 100 to distal end 802 of femur 800. 

After cutting block 100 is securely in position on the surface of plane E as 
shown in FIG. 10, the surgeon may make adjustments to the positions of cutting 
5 paths 190, 218, 252, 286 of guides 104-1 10, respectively, such that they 

correspond to the desired locations of the four bony cuts needed to facilitate 
placement of the femoral component of the knee implant. Alternatively, the 
surgeon may employ the above-described iterative process of making a cut, 
verifying its location and orientation using tracking instrument 600 or 700, and 

10 making a new cut if necessary. Assuming image guided adjustment is employed, 
the surgeon may place plate 720 of tracking instrument 700 into path 190 of 
guide 104 to determine its precise location relative to the predetermined desired 
plane (plane F) of the anterior femoral cut. The surgeon may then adjust the 
position of path 190 until it corresponds precisely to the desired plane F (as 

15 indicated on display 806) by rotating grips 400 of adjusters 112, 114, thereby 
moving guide 104 toward or away from mounting locations 127, 129. Similarly, 
tracking instrument 700 may be placed into path 218 of guide 1 10 to permit 
image guided adjustment (using grips 400 of adjusters 116, 1 18 in the manner 
described above) of the position of path 218 relative to the desired plane of the 

20 posterior femoral cut (plane G). 

The positions of paths 252, 286 of guides 106, 108, respectively, are 
adjusted in a similar manner. More specifically, tracking instrument 700 may be 
placed in path 252 of guide 106 to permit image guided adjustment of the lateral 
position of path 252 relative to mounting locations 127, 129 using grips 402 of 

25 linear adjusters 1 12, 1 14 in the manner described above. The angular 

orientation of path 252 may be adjusted (with tracking instrument 700 still in 
place) by rotating grip 416 of angular adjuster 120 in the manner described 
above. When display 806 of image guidance system 808 indicates that the 
actual orientation of path 252 corresponds to the predetermined desired 

30 orientation of the inferior anterior chamfer cut (plane H), guide 106 may be 
locked in place. The same procedure may be used to perform image guided 
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linear and angular adjustment of path 286 of guide 108 to precisely locate the 
superior posterior chamfer cut (plane I). 

After paths 190, 218, 252, 286 are adjusted as described above, the 
surgeon may use a conventional surgical saw (not shown) to create the four bony 
5 cuts (In any order) by moving the saw along paths 190, 218, 252, 286. After the 
cuts are made, cutting block 100 is removed and the femoral component of the 
knee implant is positioned and secured to distal end 802 of femur 800 in a 
conventional manner. 

As should be apparent from the foregoing, the present system permits 

10 accurate placement of cutting block 100 (on distal end 802 of femur 800 and on 
plane E) through image guidance of drill cylinder 500. Additionally, the system 
permits the surgeon to even more precisely locate the bony cuts once cutting 
block 100 is placed by independently adjusting the positions of one or more of 
paths 190, 218, 252, 286 relative to mounting locations 127, 129, and, in certain 

15 circumstances, the angular orientation of path 252, 286 relative to mounting 
locations 127, 129 in the manner described above. It should be further 
understood, however, that pre-operative adjustments of paths 190, 218, 252, 286 
may be made to simplify the arthroplasty procedure and reduce the time required 
for the operation. 

20 More specifically, before the operation, the surgeon or a medical 

technician may determine the size and style of the prosthetic components based 
upon the physical characteristics of the patient and the surgeon's preferences. 
The geometric characteristics of the selected components may then be 
determined by "tracing" the surfaces of the components with, for example, 

25 tracking instrument 600. In other words, while tip 620 is moved along the various 
surfaces of the components, receiver 810 of image guidance system 808 detects 
the locations of array 604 and processor 81 1 of system 808 calculates the 
corresponding locations of tip 620. Processor 81 1 processes the data 
representing the surfaces of the components using any of a variety of 

30 conventional techniques to generate a three-dimensional model of the 

component, which is stored in the memory 813 of system 808. Over time, the 
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models generated in this manner may collectively form a library of models. Of 
course, manufacturers of prosthetic components may provide on a transportable 
medium (such as a compact disk) data which describes the various styles and 
sizes of components they sell. This data may be transferred to system 808 and 
5 stored in a library of component models, thereby permitting the surgeon or 
technician to simply select a component from a menu. The stored three- 
dimensional model of the selected component is then retrieved to facilitate 
preoperative adjustment of cutting paths 190, 218, 252, 286 of cutting block 100 
as described below. 

10 After, for example, the model of the desired femoral component is 

selected, the surgeon or technician may "trace" the current configuration of 
cutting block 100 (i.e., the current positions of paths 190, 218, 252, 286 relative 
to mounting locations 127, 129 of attachment wall 132. Such "tracing" may be 
performed by placing plate 720 of tracking instrument 700 (or tip 620 of tracking 

15 instrument 600) in paths 190, 218, 252, 286 thereby permitting image guidance 
system 808 to generate a three-dimensional model of cutting block 1 00. This 
data, provided to system 808, permits system 808 to generate an image on 
display 806 comparing the current positions of paths 190, 218, 252, 286 as they 
relate to the optimal positions for accommodating the known geometry of the 

20 selected femoral component. The surgeon or technician may then sequentially 
place plate 720 of tracking instrument 700 (or tip 620 of tracking instrument 600) 
into each of paths 190, 218, 252, 286 and adjust the positions of paths 190, 218, 
252, 286 using adjusters 112, 114, 116, 118, 120, 122 in the manner described 
above. Using this technique, the surgeon may use a first cutting block 100 to 

25 create the distal femoral cut (plane E). A second cutting block 100 may then be 
positioned on plane E using drill cylinder 500 as described above, and the 
locations of paths 190, 218, 252, 286 (which have been pre-adjusted to 
correspond to the surfaces of the selected femoral component) may simply be 
verified by placing plate 720 of tracking instrument 700 (or tip 620 of tracking 

30 instrument 600) into each of paths 190, 218, 252, 286 and viewing on display 

806 the position of each path 190, 218, 252, 286 relative to the desired position. 
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Of course, If less than optimal placement of cutting block 100 is obtained using 
drill cylinder 500, then adjustments to the positions and/or angular orientations of 
paths 190, 218, 252, 286 may be desirable during the operation. 

The procedure for preparing the proximal end 900 of the tibia 902 to 
5 receive a proximal tibial prosthesis (a tibia tray) is generally described with 
reference to Figures 11-13, and is substantially identical to the procedure 
described above for making the distal femoral cut (plane E). The above- 
described alternative embodiments including the image-guided drill (as opposed 
to drill cylinder 500) and the iterative adjustment process (as opposed to image- 
10 guided adjustment) have equal application to the following description of shaping 
tibia 902. 

According to one embodiment, image-guided drill cylinder 500 is first 
moved by the surgeon into a desired or target location 904 on the anterior 
surface of proximal end 900 of tibia 902 for placing a pin at one of mounting 

15 locations 127, 129 (either directly or percutaneously as described above), which 
in turn locates cutting block 100. More specifically, while viewing a visual 
indication on display 806 of the three-dimensional orientation of drill cylinder 500 
relative to the known structure of tibia 902 (predetermined by "tracing" the 
surfaces of tibia 902 using tracking instrument 600 in the manner described 

20 above), the surgeon moves drill cylinder 500 (either directly or percutaneously) 
into contact with target location 904 on proximal end 900 of tibia 902. Target 
location 904 corresponds to the desired location of one of mounting locations 
127, 129 (in this example, one of bores 131 , 133 formed in attachment wall 132 
of cutting block 100). As explained above, image guidance system 808 provides 

25 a visual indication on display 806 based on data representing the three- 
dimensional structure of tibia 902, drill cylinder 500, and cutting block 100. 
Receiver 810 of image guidance system 808 detects the position of elements 
524, 526, 528 of array 522, thereby enabling system 808 to accurately determine 
the location of end 508 of drill cylinder 500 relative to target location 904. In this 

30 manner, the surgeon is able to determine not only whether the point of entry of 
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the pin (not shown) is accurately located, but also whether the angle of entry 
(represented by axis D in Figure 1 1) is appropriate. 

Once drill cylinder 500 is accurately placed, an appropriately sized pin is 
placed into central bore 514 of drill cylinder 500 and screwed or otherwise 
5 inserted into target location 904 of tibia 902. The depth of entry of the pin may 
be controlled using any of a variety of conventional techniques. After the pin is 
placed, drill cylinder 500 is removed. It should be understood, however, that 
Instead of placing a pin into tibia 902 as described above, drill cylinder 500 may 
be used to guide a drill bit (not shown) for creating a bore into tibia 902. The 

10 depth of entry of the drill bit may similarly be controlled using any of a variety of 
conventional techniques. After the bore is created and drill cylinder 500 is 
removed, an appropriately sized pin may be securely inserted into the bore. One 
of bores 131, 133 of corresponding cutting block 100 in such an embodiment 
would be sized to securely receive the pin. As yet another alternative, drill 

IS cylinder 500 may be used in the manner described above to create a bore in tibia 
902 for receiving a pin connected to cutting block 100 at one of mounting 
locations 127, 129. 

Assuming a first pin is placed into the tibia according to the procedure 
described above, a second pin (not shown) may be placed by repeating the 

20 procedure, but placing the second pin at a second target location (not shown) 
that corresponds to the other of mounting locations 127, 129 (in this example, 
bores 131 , 133) in the known geometry of cutting block 100. After the second pin 
is inserted into the second target location, drill cylinder 500 is removed. Next, 
bores 131 , 133 of cutting block 100 are positioned onto the first and second pins. 

25 As described above, any of a plurality of different techniques may be used to 
secure cutting block 100 to the pins. 

In an alternative embodiment, after the first pin is placed according to the 
procedure described above, one of bores 131, 133 of cutting block 100 may be 
placed on the first pin and rotated into position under image guidance such that 

30 the other of bores 131 , 133 of cutting block 100 registers with the second target 
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location to permit creation of a second bore in proximal end 900 of tibia 902 or 
insertion of a second pin in the manner described above. 

After cutting block 100 is secured on the pins (as shown in FIG. 12), the 
position of a cutting path, such as path 218, may be adjusted to correspond 
5 precisely to the desired orientation of the proximal tibial cut (plane J). Like the 
femoral cuts described above, the precise orientation of plane J varies based on 
the geometry of the tibial tray selected, the physical characteristics of the patient, 
and the preferences of the surgeon. Typically, the medial/lateral orientation of 
plane J is substantially perpendicular to the tibial mechanical axis, and the 

10 anterior/posterior orientation ranges from zero to twelve degrees of posterior 
slope. The geometry of the selected tibial component is "traced" or otherwise 
entered into system 808 either during the procedure or pre-operatively as 
described above. The actual position of path 218 may be determined by placing 
plate 720 of tracking instrument 700 (or tip 620 of tracking instrument 600) into 

15 path 218. System 808 may then process the known geometry of the tibial 

component, the known geometry of cutting block 100, and the current position of 
path 218 to provide an image on display 806 to indicate whether path 218 
corresponds with sufficient accuracy to the desired location and orientation of 
plane J. If not, the surgeon may adjust the position of path 218 in the manner 

20 described above. Finally, after plane J is created, the surgeon removes cutting 
block 100. 

Referring now to FIG. 13, the surgeon may next use drill cylinder 500 in 
the manner described above to accurately locate a bore into plane J at a target 
location 920 corresponding to a post that typically extends from the tibial 

25 component for attachment of the component to tibia 902. Once drill cylinder 500 
is accurately located under image guidance, a drill bit (not shown) is passed 
through central bore 514 to create the bore at target location 920. Finally, drill 
cylinder 500 is removed, and the surgeon installs and secures the tibial 
component using any of a variety of conventional techniques. The remaining 

30 steps for completion of the arthroplasty procedure do not involve use of the 
present system. 
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While the present system has been illustrated and described in detail in 
the drawings and foregoing description, such illustration and description is to be 
considered as exemplary and not restrictive in character, it being understood that 
only exemplary embodiments have been shown and described and that all 
5 changes and modifications that come within the spirit of this description and the 
attached claims are desired to be protected. 
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